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SUMMARY

A summaryof forcedataon unsweptandsweptbackairplanecontrol
surfacesispre.sented.Liftandhinge-momentcharacteristicswere

A determinedforfourunswept,semisp~controls~faces~ ~d lif!~ drag)----
-7 hingemoment,andpitchtigmomentweredeterminedfortwosemispsn,

sweptbackcontrolsurfaces.Thesecontrolsurfacesweretestedinthe.
g-footwindtunneloftheDanielGuggenheimSchoolofAeronauticsat
theGeorgiaInstituteofTecbnoiogyandwereof thewide-chordtype
suitableforuseas elevatorsorrudders.

Measuredvaluesof thevariousparametersarecomparedwiththose
obtainedfromsectiondataby applicationof lifting-surfaceand
lifting-linetheory.
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INTRODUCTION

Thedatapresentedhereinaretheresultsof twowind-tunnel
investigationsintheGeorgiatistituteofTechnologyg-footwind
tunnel.Thesetestswereconductedunderthesponsorship~d withthe .._
financialassistanceoftheNationalAdvisoryCommitteeforAeronautics
aspartofsm etiensivewind-tunnelinvestigationto determtiethe
aerodynamiccharacteristicsofbalancedcontrolsurfacesinorderto

---

supplydatafordesigpurposes. —
.

Force-testmeasurementsweremadeinthree-dimensionalflowto
determinetheaerodynamiccharacteristicsofthefollowingcontrol-

. surfacearrangements: .-
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(1)A seriesoftailmodelshavingNACAOO09,66-009,0015,and
66(215)-014profiles,a sweepangleof 13.5° atthe25-percent-chord
line,a tailaspectratioof3.36, anda t~er ratioof 0.4with
variousunswepttrailing-edgeflapconfigurations.Theflapconfigura-
tionstestedincluded30-percent-chordellipticandsharp-nosedaero-
dynamicallybalancedflapsandinternal-balanceflaps,aswellas some
30-percent-chordplain(radius-nose)flaps..Thebalancedflapshada
nosebalanceoverhangof35 percentof thelocalflapchordanda
constantflapnosegap. Plaintabsendtwosizesofunshieldedhorn
balancesweretestedwithsomeofthemodels.

TheNACA66-009and66(215)-014airfoilmodelswerealsoconstructed
withoutthecuspto givestraight-contourflaps.

(2)A seriesoftailmodelshavingNACAOO09or g-percent-thick
circular-arcprofiles,a sweepangleof 40°atthe25-percent-chord
line,a tailaspectratioof 3.30, anda taperratioof O.k.with
balancedandplainflapswhichweresweptback30.7’Oatthehingeline,
Themodelflapswere30percentofthetailchordmeasuredparallelto
theairstremandhada 35-percent-flap-chordoverhang.Theflapnose
gapwasheldconstantforthevariousoverhangstested.Onlyonesize
ofshieldedhornwastestedinconjunctionwiththeplainflap.

A morecompletedescriptionofthemodelsisgivenInthesection
entitled“Apparatus,Models,andTests.”

SYMBOLS

A aspectratio (/)bz s

B hornbalancecoefficient
(~

Hornarea.Xhornmeanchord
Flapareax flapmeanchord)

b twicespanofsemispanmodel,measuredperpendiculartoplane
ofsymmetry,feet

bf twicespan ofsemispanmodelflap,measuredperpendicularto
planeofsymnetry,feet

CD airfoildragcoefficient(2D/qS)

Achb incrementofhinge-momentcoefficientcontributedby internal
balance
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c

cf.!

Chf

cl

D

‘f

hf
.

L

flaphinge-momentcoefficientpf/@3’f)

airfoilliftcoefficient(2L/qS)

incrementof liftcoefficientdueto deflectionof flap

airfoilpitching-momentcoefficient(2M/qS5)

airfoilchord,measuredinfree-streamplane,feet

()/b/2 z
C db

omeanaerodynamicchord,feet

/

b/2
C db

o

chordmeasuredperpendiculartohtigeaxis,feet

chordofbalance

root-mean-square

chordof flapat
feet

root-mean-square

overhang,measuredh free-stresmplane,feet

chordofbalanceplate,feet

.
my section,measuredin tiee-stresmplane,

—

chordof flap,measuredperpendicularto
hingeaxis,feet

flapchordmeasuredperpendiculartohingeaxis,feet

flapsectionhinge”momentcoefficient(hf/@)

airfoilsectionliftcoefficient(Z/qc)

measuredtotaldragforce,pounds

flaphingemoment,foot-pounds

flapsectionhingemoment,

measuredtotalliftforce,

foot-pounds

pounds

.
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sectionlift,pounds

measuredpitchingmomentaboutq~rterchord
dynamicchord,foot-pounds

ratiooflmomentcontributedby flexibleseal
contributedbybalanceplate’-- --.

c?la=

resultantpressurecoefficient

dynamicpressure,poundspersquarefoot

Reynoldsnumber (pV’5/I.L)

twiceareaof semispanmodel,squarefeet

thicknessofcontrolsurfaceathinge

NACATN 2495 .—
.
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?
ofmeanaero-

tomoment

-

-

root-mean-squarethickneseof overhang,measuredatihingeline :

velocity,feetpersecond .—

modelaugleofattack,degrees A —

control-surfaceortabdeflection,measuredinplane
perpendiculartohingeaxis,degrees

n=

sweepbackangle,measuredat quarter-chordline,degrees *

taperratio
Cfl:=)

coefficientofviscosity

massdensityofair,slugspercubicfoot

trailing-edgeangle,measuredinplaneperpendicular
sxis,degrees

()bchf= ‘5f,5t

tohinge

—.—._——_

.

- ..
.
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uacmK a,~t
slo~eofpitching-momentcurveat constantaugleof attack

()acm~ slopeofpitching-momentcurveat constantflapdeflection ...=
~f)% —

Subscripts:

b balance

e effective

f flap

t tab

u uncorrected

—

—

. .-
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Thesubscriptsoutside
constantindeterminingthe

theparentheses
parameter,

ACCURACYOFDATA

,

indicatethefactorsheld P-..
r

Theaccuracyoftheexperimentaldatadependsuponthemodel
contours,deflectionofflapunderload,andaccuracyof force-measuring
apparatus,Thesmallhingemomentsreadwhenbothangleofattackand
flapdeflectionwerezeroindicatethatinaccuraciesinmodelcontour
werenegligible.As theflapwascontrolled=remotely,itcouldbe set
toanydesiredangle,andanydeflectionunderloadcQtidbe compensated
forby simplyresettingtheflapto theoriginalangle.Theflap-angle-
settingapparatuswascompletelyseparatefromthestrain-gagearm,and
no deflectionsofthegagearmor torqueshqfiwere.registered.The
accuracyofthe–flapanglesandanglesof attackwaswithin*O.lO.The
hinge:’?mentsweremeasuredbymeansofstraingagesusedinconjunction
witha pommerclalWheatstonebridgecontrolbox. Frequentrepeatruns
indicatedthatliftandhinge-momentcoefficientscouldbe duplicated
within‘4.002and*0.0002,respectively=

Thejet-boundarycorrectionsfortheunsweptmodelsweresupplied
by theLangleyLaboratoryandsxeas follows:

As
models,
model.

AL= 1.38@L-

ACL= -0,021CL

0.208

Achf -- O.OIOICL for

AChf= 0.0130cLfor

fewdstacouldbe obtained

AcLf

35-percent-cf_overh~g

plainflap—

forthewallcorrections

—

—
.—
—

— -,

,.

—

.

—

—

ontheswept —
thec~rrect~unsappliedaresimilartothosefortheunswept
Theyareaf3follows: ‘ —

& = l.l~L - 0.20ACLf

ACL. -O.Ol&L

AChf= o.0090cLfor35-percenj:cfoverhang q
-<

AChf= O.O11OCLforphh fk, .
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● Wakeand
. to alldata.

solidblockingcorrections(reference1)havebeenapplied

APPARATUS,MODELS,ANDTESTS

Alltestswereconductedintheg-footwindtunneloftheGeorgia
InstituteofTechnology.Thistunnelisa single-returntypehavinga
closed,circulartestsectionI-2feetlong.Forpsneltestinga fla~
flooris installedwhichgivesa jetheightof approximately8 feet.
Speedchangesexeaccomplishedby meansofa controllable-pitchpropeller.
Thetunnelturbulencefactoris1.7.

Eachmodelwasmountedon a 50-inch-diameterplywooddiskas shown
infigure1. Thisdiskhadlessthanl/4-inchclearancebetweenitand
thetunnelfloor.Model-plan-formdimensionsareshowninfigures2
and3. Followingconventionalpractice,laminatedmahoganywasusedto
constructthemodels.Theunsweptflapmodels(actuallythetailis
swept13.5°at =/4)wereequippedwith30-percent-chordflapsanda
20-percent-flap-chordplaintabof 50-percent-flapspan.Theflapnose

4 gapwasconstantat 0.005cexcepton thesealedflapwherethegapwas
zero.Thetabusedonthesealedflaphada gapof 0.00Ic.Ihorder
to obtaincompletesealingfortheinternalbalance,externalhinges

. wereemployed.Theeffectoftheseexternalhingeswasdeterminedby
meansof dummies,andalldatahavebeencorrectedforthiseffect.
Thenoseoverhangstestedareshowninfigurek.

flap,thenosegapwas0.005ch thefree-streamplane.
flap-chordtabwassealedbymeansof Scotchtape. The
testedareshowninfigure5.

Thesweptmodelswereobtainedby sweepingthequarter-chordaxis
40°butmaintainingthetrueairfo~parallelto thefreestream.
Developmentof theairfoilina planeperpendicularto thehingeaxis
showedittohavea thicknessratioof 10.3percent.Becauseof the
factthatthesweptmodelsweredesignedtohavethesameflapand
balancechordratiosinthefree-streamplaneas theunsweptmodels
(i.e., cf= 0.30cjcb= 0.35c),thevaluesof cf and cb inthe”

fplanenormalto thehingeaxis i.e.,thechordu~onwhichthehinge
momentisbased)werenotthesameas thosefortheunsweptmodels.
Thevaluesof Cf and cb areshownInfigure3 tobe 0.35ct
and0.319cft,respectively.Theprimeindicatestheairfoilchord
measurednormalto theflaphingesxis. Withtheexceptionof thesealed

Theunsweptmodelshada taperratioof 0.4andan
(includingreflection)of 3.36.Thesweptmodelshada

.—

-.

—

The20-percent-
noseoverhangs —

aspectratio
taperratio
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of O.h andanaspectratio-of 3.30. Theairfoilsectionstestedwere
as follows:

Unsweptmodels

NACA0009

NACA0015

NACA66-009

}
withtrue-contour

NACA66(21s)-014 contourflaps

Sweptmodels

NACA0009 -1

andstraight-

*

1inplaueparallelto
9-percent-thickcircular.~rcplaneof symmetry

TheairfoilordinatesaregivenintableI,“andtheelliptic-overhang
andhorndimensionsaregivenintablesII~d 111,respectively.

.

c
--
.—

.

.——.——

—

-.

—

Theangleofattackandflapangle“werqbothset.bya remote-
controlarrangementwhichenabledthetunneloperatorto.detectany
changein.deflectionofthe.flap..underload.ahdto correctforthis.
Themodelflapsgenerallyweresetat deflectionsfrom-etoa” in
3° increments,whiletheangleofattackwasvariedfromzerotoplus
stall in 2° kcrements,exceptinsomecaseswheretheangleofattackwas
variedfromminusstalltoplusstallat zeroflapdeflection.Onthe
unsweptmodelstheplainta% wastestedinconjunctionwiththesealed..
flap(exceptontheNACA0009and66(215)-014modelswhichweretested
withthetabontheplainflapa~o) withth~ratio.of_fabto flap
deflectionbeing-0.50.Onthesweptmodelsthetabwastestiedwith
thesealedflaponlywithratiosoftabto flapdeflectionof 1.0,0.50,
-0.50,and-1.0.

Liftandhingemomentsweremeasuredon.=theunsweptmodels,whereas
lift,drag,pitching.moment(about5/4-),andhtigemomentwereobtqtied
fortheswept-models.

Testsonthemodelsweremadeat-ad~~ic PreEs~eofaPProx~telY
20.72poundspersquarefootwhichcorrespondstoana= velocityof
about90milesperhouratstandardsea-level
Reynoldsnumberswere4,075,000and3,620,000
models,respectively.

A

*

—

—
—

—

conditions.Effective .-
fortheunsweptandswept

.

.
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DISCUSSIONOFTESTRESULTS

Lift .

A summaryoftheliftparameterscLa and ~ forthevariow

9

airfoilsandflapconfigurations,as determinedfromtheliftcurves
foundinfi~es 6 to 38,\O to 43,and45 isgivenintableIV. ~ese
valuegweretakenfromunpublisheddatareports.Inallcasestheslope
oftheliftcurvewasgreatestfortheinternalbalance(sealed-gap
condition).TheNACA66-009airfoilmodelhadslightlyhighervalues
of CLa thandidtheNACA0009.Theseresultsareinqualitative

agreementwithreference2,whichreportsthesametrends.Witha
straight-contourflap(cuspremoved)thelift-curveslopesof.the
66-009profiledecreasedslightly.Theamountandshapeof thebalance
overhanghadlittleeffectOn.C~. Thiseffecthasbeenpreviously”

reportedinreference3. Theslopesof the9-perCent-thickbiconvex
profilewereconsiderablylowerthanthoseofthesweptbackNACA0009
model,andtheliftcurveswerenonlinear.A comparisonof the
NACA0009unsweptmodelwiththeNACA0009sweptback~0°showedthat

& thelift-curveslopedecreasedslightlywithsweepbackbutnotsomuch
astheorypredicts.Theeffectof sweepingthemodelsby themethod
explainedpreviouslyisto increasethethicknessratioslightlyina

. plsnenormalto thesweepreferencelinewhichwouldin itselftendto
decreaseCLa somewhat.References4 and5 showthat C% should

decreasewithsweepwhichagreesqualitativelywiththeresultsherein.
It isbelievedthatemunsweptNACA0010.3airfoilmodelwouldhave
liftcharacteristicssimilarto thoseofan unswept0009model;there-
fore,thesweptNACA0009(or,actuallya “swept”0010.3)profileshould
havea smallerslopethantheunsweptconfiguration.Theactual
measuredslopesforthesweptanduqsweptmodelswereverynearlythe”
same;thusthesweptmodelhasliftcharacteristicsalmostidentical
withthoseof theunsweptmodel.Therefore,an effortwasmadeto
determinewhetherornotReynoldsnumberhadanyeffectonthecharacter-
isticsof a sweptbackpanel.”These@ata,presentedinfi~,e 46,are
unpublishedresultsona 35°sweptback9-percent-thick6-seriesairfoi”l
havingvirtuallythesanegeometriccharacteristicsas thoseo.fthe.
modelsdescribedherein.ItappearsthatthereislittleRe@oldsnumber
effectovertheramgeof testvelocities.Otherunpublisheddatafrom
testsconductedattheGeorgiaInstituteofTechnologyon a sweptand
anunsweptpanelhaveindicatedthatat R X 3,500,000thesweptpanel
hadvirtuallythesameliftcharacteristicsas thoseof theunswept

. panel.SincethesemodelsofNACA0009-64modifiedairfoilsection
hada taperratioof 0.53,an aspectratioof h.6;andwereofapproxi-
matelythesamesizeas themodelsdescribedinthisreport,itappears

.

——

.—

-.

.-
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that,withintheReynoldsnumberrangeofthetests,thesimplified
theoreticalsweepbackcorrectionswouldoverestimatetheeffectsof
sweeyontheairfoilsdescribedinthisreport.

TheMICA66(215)-014airfoilmodelwitha true-contowflaphada
lift-curveslopeapproximatelythesameasthatoftheNACA0015model,
butwhenthecuspwasremovedonthe66(215)-014sectionthelift-curve
slopewasreducedtovaluesbelowthatofthe0015section.This
reductionin CLa dueto increasingthetrailing-edgeangle(usinga

straight-contourflap)on the66(215)-014airfoilmodelhasbeenpre-
viouslyreportedinreference6. Onthe6-seriesairfoilmodelsboth
theellipticandsharp-nosedoverhangsgave-minimumvaluesof CLa.

As theslopesofthecurvesofthe6-seriesprofilesagreedfavorably
withthoseoftheNACA0009and0015profileswhenstraight=-contour
flapswereused,it-ouldappearthattrailing-edgeugle hasmore
effectthanairfoilprofile.Aswiththeg-percent=thickairfoils,
theamountandshapeofbal=ceoverhanghadlittleeffectonCT .

Theminimumvalueof lift-curveslopeonthe
profileswasobtainedwiththeellipticoverhang,
datapresentedinreferences3 and7.

“a

NACA0009and0015
whichagreeswiththe

Themaximumvalueof theflaplifteffectiveness~ forboththe
sweptandunsweptNACA0009profileswasgenerallyobtatied.withthe
internalbalance,withtheplainnoseyieldingthenextlargestvalues.
Theellipticandsharp-nosedoverhangsgenerallygavevaluesof ~
slightlylessthanthosefortheplainnose.As indicatedby theory,
sweepingtheNACA0009airfoilreducedthevalueoftheliflreffective-
nessparameter.Thebiconvexprofile(with40°sweepback)gavecon-
siderablylowervaluesof ~ thanthoseforthe0009profile,although
thedataareingoodqualitativeagreement._:Thedataofreference8
indicatethisdecreaseineffectivenessdue-tosweepback.

Figures6 to 10,36to 38,40to 43,end45 indicatethatforthe
tailsurfaceswithNACA0009(unswept),0009(sweptbackkOO),and
biconvex(sweptback40°)sectionsthecontrolsretainedlifteffective-
nessthroughoutitheangle-of-attackrangetestedforalldeflections
withbutoneexception,whichwasthesharp-nosedoverhangontheunswept
0009airfoilmodel.Thefiguresalsoshowthatthelif&effectiveness
wasreducedsomewhatatthelargeflapdeflectionsandatmoderateand
highyositiveanglesofattack..Thisresult..isprobablydueto
separationphenomena.

.

.

.

—

—

—

.
—

.—

.

.
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Withreferencetotheunsweptmodels,theNACA66-009airfoil
. modelyieldedthelargestvaluesof lifteffectiveness;however,

ticreasingthetrailing-edgeangleonthisairfoilreduced~. This
effectisalsoreportedb references6 md 9. Inthecaseofthe
NACA66(215)-014profilethetrue-contourflapwithno aerodynamic
balance(plainflap)gavevaluesof ~ largerthanthoseforthe
NACA0015profile.Thisisnottruefortheothernoseshapesas
shownintableIV. Witha straight-contourflaptheabsolutevalue.of
thelifteffectivenesswasreducedforallbalanceshapes.,Figures11
to 35 showthatforthetailsurfac~swithNACA0015~dboth NACA
6-seriesairfoilsectionsthecontrolsretafiedlifteffectivenessfor
allflapdeflections,althoughtheflapwasnotsoeffectiveat the
higherdeflections.

Comparedona.thicknessbasis,thelifteffectivenessforthe
NACA0009and66-009profilesisslightlylargerthanthatforthe
NACA0015and66(215)-014profiles.It isalsoindicatedthatairfoil
shapehasconsiderableeffectas evidencedby thedifferenceinvalues
of ~ fortheNACA66-009(witha true-contourflap)andtheNACA
0009models,althoughtheeffectof trailing-edgeugle cannotbe
eltiinatedas thepressuredistributionovertheflapchangeswith

8 ticreaseintrailing-edgeangle.Thevaluesof liftdueto flap
deflectionCL= donotshowsomuchvariationsince CLR ispropor-

U.
tionalto’both~ ad CLa.

HtigeMoment

Thecuxvesofhinge-momentcoefficient

u

plottedagainstangleof
attackforallmodels~e showninfigures6 to 38,40to 43,and45.
A sumnaryofthehinge-momentparametersC% and Chb as determined

fromthesefiguresisgivenintableIV. Unfortunatelyonlytwo
references(references3 and9)containeddataon finite-spancontrol
surfaceswithwhichthedataintableIVcouldbe compared.Results
fora rectangularsemispanNACA0009controlsurfaceof A = 3 are
reportedinreference3. Thevaluespresentedhereinareconsiderably
lowerthanthoseofreference3;however,differencesinplanformand
aspectratiomayaccountinpartforthediscrepancy.Betteragreement
isobtainedwiththedataofreference9,whichpresentsresultsfora
tapered-plan-form,model.Onlyfairquantitativeagreementex:sts,
however,possiblybecausetheReynoldsnumberofreference9 wasabout

. halfthatofthepresenttests.

on comparingthesweptandunsweptNACA0009surfaces,it is.
apparentthatthehinge!-momentparametersCh and Ch ~e

a 5
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considerably
sweeptheory

NACATN 245 —
.

morenegative,-fortheformer..Althoughthesimplified .

predictsa reductionintheabaQlutevalues.0?Ch —.—
a

end Chbjthediscrepancyisattribute-dtothefactthattheswept

modelhad.a~~-percent-flapchord(seefig.3) anda.31.9-percent-cf
noseoverhangmeasuredh a planeperpeg@c.@.arto..~h$.,hingeaxis.
Thesevaluesarecomparableto Cf= 0.30c ~d Cb= 0.35c5onthe
unsweptmodel.Apparent-lythiseffectisenoughto-overcomeany
reductionsin C~ and Cha dueto sweepandtheincreasedtrailing-

edgeangle;consequently,thehinge-momentp.arqmetersare,considerally
morenegativeforthesweptback0009surface.”Inthecaseof thesweyt
biconvexairfoilallvaluesof C~ andhalfof-thevaluesof Ch

6
werepositive(seetableIV). Hereitisbelievedthatthelarge
trailing-edgeangle(23.5,0)measuredperpendi.cula-rto thehingelineis
responsibleforthelargebalancingeffect....Agraphicalpresentation
ofthemeasuredprarhetersfor.t.he.twos.wept_models.Wd the..0009unswept
modelisgiveninfigure47. Thisfigurerevealsthegood”.qualitative
agreement.obtainedforthevariousbalanceconfigurations.

Withreferenceto theunsweptmodelsitcanbe pointedoutthat
thehinge-momentparameterCh isconsiderablymorenegativeforthe

a
9-percent-thickmodelsthanforthe15-percent-thicksurfaces,except
h thecaseoftheNACA66(215)-014profilewitha true-contouxflap
whichgavevaluesof Cha morenegativethEiithose-fortheNACA0009

modelor fortheNACA66-009straight-contofimodel.Theresultsin
table~ alsoshowthat_the66-009airfoilrno-delwitha true-contour
flapyieldedvaluesof C% whichweremorenegativethsmthosefor

theNACA“0009profile.Witha straight-contourflap.(@ increased
from7°to 13°)the66-009profilehadvaluesofierynearlythesame
magmitudeasthoseforthe0009profile.Previousresultsforthe
0009section(reference9)haveshow.that:increasingthetrailing-edge..
angleprovidesa balancingeffect,whichreducesc%’ Reference6
reportsthesameeffectontheNACA,66(21.5)-014prolile.

A comparisonoftheNACA0015and66(215)-014(witha true-contour
flap)profilesrevealsthattheformerhasmorepositivevaluesof Ch

a“
Useofa straight-contourflapon the66(215)-014airfoilmodelreduced
theabsolutevalue“ofC%, againindicating.thebalancingeffectof

increasedtrailing-edgeangle.Theseresultsindicatethatairfoil
profileapparentlyhassmalleffectcomparedwiththeeffectoftrailing-
edgeangle... . . .. .-

—

-—
.———
..-

—

—

4
.

.

.
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Theellipticandsharp-nosedoverhangsproducedan unbalsaceonthe
. 6-seriesairfoilswithtrue-contourflaps,althoughbothoftheseover-

hangsgavepositiveincrementsof Cha ontheNACA0009and0015

profiles.Theinternalbalancewas,ingeneral,themosteffectiveon
the6-seriesprofiles.A comparisonofmeasuredincrementsof C% for

allmodels(withinternalbalance)withanempiricallyderivedcurve
(reference10)ispresentedh figures48and49. Thedatadonot
correlatesowellasmightbe.expectedfromthedatah reference10.

TheValuesOf Ch fortheNACA66-009and66(215)-014profiles
6

withtrue-contourflaps-weremorenegativethanthosefortheNACA0009
and0015airfoilmodels.Witha straight-contourflapon the66(215)-014
profile,thevaluesof Chb werelessnegativethanthoseforthe0009

and0015airfoilmodelsemployingstraight?laps;hgwever,the66-009
profilewitha straight-sidedgap yieldedvaluesof Cha morenegative

thanthoseforthe0009.and0015profiles.OntheNACA0009and0015
airfoilmodelstheellipticoverhangyrovedmosteffective,whereasthe
internalbalancegavebestresultsonthetwo6-seriesprofiles.The

● useofa balancing(lagging)tabinconjunctionwiththeinternal
balancewasthemosteffectivebalanceconfiguration.Insofaras Chb

. isconcerned,themagnitudeofthetrailing-edgeanglewouldappearto
havemoreeffectthanairfoilsection,asthevaluesforthe6-series
profilescomparefavorablywiththosefortheNACA0009and0015
~rofileswhenthetrailing-edgeanglesareapprox~.telythesame.
Ifthesurfaceistobe closelybalanced- thatis,Chb approaches

zero- then C% shouldbe heldas closeto zeroaspossible,although

anydevicethatreducesCha
and Ch thesameamountshouldnotbe

5
usedbecausetheunbalancedvaluesof C~f $ areusually’lessnegative
thantheunbalancedvaluesof C%“ ha

issufficientlylarge,

positively,and Chb issmall,negatively,a steadyoscillationcould

be setup. An internalbalanceusedwitha balancingtabwould
apparentlybe a satisfactorycombinationsincec% isreducedmuch

morethan C
ha”

Smalltrailing-edge~gles (suchasthoseobtainedon

the6-seriesmodels)shouldbe avoided,astherelativelylargevalues
of c~ wouldtendto “heavy”thecontrolseventhoughChb couldbe

.
reducedby a balancingdevice.

.

—

.-.-—
—

-.

.
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Theswept0009modelhadvaluesof

fortheunsweptmodel,withtheelliptic

NACATN 2495

c~
5

morenegativethanthose

overhangbeingmoreeffective
thantheinternalbalance.Thisincreasein Ch forthesweptmodel

5
ismostlikelyattributabletotheincreasedflapchord(cf= 0.35c~)in
a planeperpendiculartothefla~hingeaxis.Thesweptcircular-arc
sectionhadvaluesof Ch whichwereconsiderablymorepositivethan

8
thoseofeitherthesweptorunsweptiOO09profiles.Thisresultwas
probablyduetothelargetrailing-edgeangle.

Insummarizing,theresultspresentedhereinindicatethatthe
ellipticnoseoverhangisaseffectiveastheinternalbalanceonthe
0009and0015profiles,whereastheinternalbalanceprovedmost
effectiveonthe6-seriesprofiles.The“sh~-nosedoverhangseems
undesirable,as itwaslesseffectivethantheellipticoverhang,and
reference11 indicatesthatthesharpnosewouldcauselargerincrements
of drag.Comparisonsofmeaswredincrementa_ofC~ fortheinternal

balancewithempiricallyderivedvaluesarepresentedinfigures48
and49. Themeasuredvaluesfallbelowthecorrelationcurve(refer-
ence10),indicatingthattheinternalbalaricewasapproximatelyone-
thirdaseffectiveas it-shouldbe;althougha slightout-of-contour
cover-plateeffectmayhaveoccurred,thisin itselfdoesnotappear
tobe responsible.Reference12presentsresultswhichshowthatout-
of-contourcoverplatesorchangein’ventwidthcm-seriouslyaffect
thehinge-momentparameters;however,thedqtainf$_gures48and49
seemtobe consistentlygroupedwhichwouldapparentlyeliminatethe
out-of-contourplateeffect;Theonlyothercausefora decreasein
effectivenesswouldbe sealleakage,butthemodelconstructionprevented
anyseriousleakagefromoccurring.As therewerenobreaksintheseals
forhinges,leakagealonedoesnotaTpeartobe thecause. .

Fromthebalance-chmberpressurecoeff~cientsgivenintheoriginal
wind-tunneldataforthesweptmodels,theincrementofhinge-moment--–
coefficientrcontributedby thebalancehasbeencalculatedforthe
internallybalancedflapontheswept0009airfoilmodelandcompared
withmeasuredvalues.Thiscomparisonisgiveninfigures48 and49.
Inorderto calculateAChb,themethodsanddataofreference13are

employedusingtherelation:

.

●

.— —

.

—

—

—

—

.-

.
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where
●

pR resultantpressurecoefficient

%lp root-mean-squarechordofbalanceplate -.—

% ratioofmomentcontributedby flexiblesealtomoment
contributedbybalanceplate

F root-mean-squarethicknessof overhangmeasuredathingeline

Theresultsobtainedby thisequationshowgoodquantitative
agreementwithmeasuredvaluesas indicatedinfigures48 and49. Since
thevaluescalculatedfromthepressurecoefficientsagreewiththe
measuredvalues,itdoesnotseemlikelythattheexperimentaldata

—

wouldbe inerror.Thisstillleavesconsiderabledoubtas towhythe
internalbalancewasnotsoeffectiveasothertestdata(reference10)
indicate.Theonlylogicalconclusionisthatthedecreasedeffective-
nessisprobablydueto a combinationof a smallamountof leakageand
cover-platemisalinement,orperhapsto thesealconfigurationitself.

Theeffectof fixedtransitionwasdeterminedontheNACA0009
sweptbackmodelwithplainflapbymeansofa 0.050-inch-diameterwire
placedalongthesurfaceat 3 percentchord.Theeffectof fixed
transition,as alsoreportedinreference14,wastoreducethevalue
oftheparametersCh

a and C% by shiftingthehinge-moment-

coefficientcurvesslightly.Theeffectwassmall,however,as it
causedC% tobe reducedby 0.0005and Ch8,by 0.001.

Effectof

Thehornbalancestestedare
unshieldedhornbalancetestedon

HornBalance

shownin figures2 and3. The
theunsweptmodelsmaybe classified,

accordingto reference15,as typeA horns,whicharethoseformedby
convertinga spanwiseportionofthefixedsurfaceaheadofthehinge
lineintomovablesurface.Onthesweptbackmodelsa shieldedhorn
(seefig.3)wastested.Horndimensionsandbalancecoefficientsare
givenintableIII. Thepositiveincrementsofhinge-momentslopesfor
twosizesofunshieldedhorns(designated1 and2)havebeencompared
(tablev);~c~ corre~teddataofreference15. These~crements
of Ch aresmallerthanthosepredictedbymeansofthe

a 5.
correlationcurveofreference15. Thisresultmayhavebeenduein
partto therathersmallhornaspectratiosused.
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Onesizeofshieldedhornbalancewas“testedontheNACA0009and
biconvexsweptbackmodels.Asmaybe seenfromthe-resultsintableV,
theshieldedhornwaslesseffectivethantheunshieldedhorns.This-
wouldbeexpectedbeca~ethehornbalancecoefficient-wasmuchsmaller.
Itwouldappearthata.shieldedhornalonecouldnotbe usedto obtain
a closelybalancedsurface.

.-

Apparentlytheuseofa hornbalancetiouldtend”toincreasethe —

stick-freestabilitybutatthe‘sametimewould,dur’tigmaneuvers,tend
toheavythecontrolforcesduetothepositivevalueof Ch without

a
a comparablechangein Chb. A properlydesignedhornbalancewould

keep C~ nearzerobutthenegativevaluesof

havetobe reducedby theuseofa balancirig”.tab
Experimentalresultsindicatingthiseffect–have
inreference16. —

EffectofTab

Ch; wouldmostlikely.

orothermeans.
beenpreviouslygiven.-

Allunsweytsurfacesweretestedwitha 0.20cflagging(balancin~
tabusedin conjunctionwiththeinternalbalance,exceptforthe
NACA0009and66(215)-014(witha true-contourflap)profilesonwhich
theplainflapwsialsotestedwiththetab. Theplaintabwasunseahd,
andtheratio.oftabto flapdeflection8t/8fwas-0.50.Theuseof
thelaggingtabreducedtheflaplifteffectivenessbutalsoreduced
Chb onthe,NACA0009profileto..about50pe.rceniofthe~balanced

valuefortheplainflap..OntheNACA0015”’@ofile,Chfiwaszero .

--

.
—.—-—

—

*:

.,

—.

:
-—

.&-

4:

.
-..

u.!

and Chb hadonly-asmall.negativevalue,indicatfigclosebalance.– ““-““-

Onthe6-seriesairfoibwithstraight-contourflaps,thetabwasnot
soeffectiveas onthetrue-contour-models.Onthe66(215)-014profile
witha true-contourflap(ylain)thetabreducedc% toabout75per-
centoftheunbalancedvalue.Thefollowingincrementsof Chb were

obtainedwiththelaggingtab:

NACA0009
. — . .

Plainflap.. . . . . . . . . . . . . . :“.. . . . . . .
Internalbalance”.. . . . . .. . i. . .:-=.. . . ... .

NACA66-OQ~withinternal%al.ante
True-contourflap ‘.. .“..-.”’.. . i . .-~.. . . . . . .
Straight-contourflap . . . . , . . . ..,.-.. . . . . . .

NACA0015withinternalId-ante“-.. . i ,.’”.. .,. . . . .
NACA66(215)-014withinternalbalance
True-contourflap. . . . . . . . . . . . . . . . . . . .
Straight-contourflap . . . . . . . . . . . . . . . . . .

Increment

● 0.0032 ‘.
● .0023

. .0030

. .0024 ,

. *0031 ._-

e .0029
● .0008

,:
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.
Thetwoswept

seal)usingratios
● and-1.0.Thetab

only.Theresults

17

modelsweretestedwitha sealedtab (Scotchtape
oftabto flapdeflectionof 1.0,0.50,-0.50,
wasusedinconjunctionwiththeinternalbalance
(tableIV)show-thatthetabwaslesseffectiveon

thecircular-arcprofilethanonthesweptNACA0009profile,aswell
as on someof theunsweptairfoils.Thetabalsoprovedtobemore
effectiveontheswept0009modelthanontheunswept,althoughthis
‘resultwasprobablydueto sealingofthetabandto thefactthatin
a planeperpendiculartotheflaphingeaxisthetabchordwas0.21hcf,
Theeffectoftabdeflectiononhinge-momentcoefficientsisshownin
figures39and44. Thetabproducedlargerincrementsin Chb when

deflectedinsamedirectionastheflap(unbalancingor leading).The
followingincrementsof Chb weremeasured:

Airfoil

NACA0009

.

9-percent-thick
circulararc

1.0

.5

-. 5

-1.0

1.0

●5

-. 5

-1.0

-0.0072

-.0032

.0032

.0061

-.0062

-.0030

.0017

● 0041

Drag

Dragdatawereobtainedforthesweptbackmodelsonly.Theplots
of drag~oefficientagainstangleof attackaregiveninfigures36
to 38, 40to 43, and45. It isdoubtfulwhetherthedragcoefficients
csnbe consideredabsolute,buttheincrementalvaluesshouldbe
relativelyindependentoftunnel-walleffectandend-platetareand
interference.. ..-

.
Theincrementalvaluesof dragcoefficientfordifferentaerodynamic

balanceconfigurationsareplottedinfigure50. ThedifferencesinACD.
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fortheplainflap,ellipticoverhangjand.i.nternalbalancearesmall
andinseveralinstancesareprobablyofthesame“orderofmagnitude
astheexperimental.error.Ata.OO the.plainflapontheNACA
0009modelproduce”dthesmallestincrement~.ofdrag,followedby the “-
internalbalanceandtheellipticoverhang.Thedataforthebiconvex
airfoilaresomewhatscatteredand,asbefore,thedifferencesin ACD
forthevariousconfigurationsaresmallc.omaaredwiththetotalvalue
of ACD. At a =-0° theellipticnoseproducedthesmallestincrements,
whileat.a = 6°theplainflapcausedtheLeastdrag.

.
—

8 “-
—.--. .—

—

——

—

PitchingMoment z

Thevaluesoftheparameters
(%i,,t ad (*),f,,t are

presentedintableIV. Theseparametersweredetermined.fromtheplots
ofpitching-moment-coefficient.Cm foundinfigures36to 38,40to 43, ““
and43. Thesevalueswereobtainedforthesweptbackairfoilsonly.
Whenthelif%wasvariedbychangingthean&@ of attackwiththeflap
at bf =-0°,theaerodynamiccenterwasapproxdatelyat 28percent *“
chordforallflapconfigurationsontheNACA0009airfoilmodeland
at25percentchordonthebiconvexprofile,Actually,withplainflap
andhornbalance,theaerodynamiccentermovedbacktothe29-percent-

.- .
chordlineontheNACA0009-profile.

Thefollowingtablegivesthepositionoftheaerodynamiccenter
of liftdueto flapdeflection:

AerodynamicCenterofLiftduetoFlapDeflection

[ 1In fractionsofthechord

Flapconfiguration NACA0009 Circulararc

Plati 0.56 0.56

Plainwithhorn ●33 .33

Plainwithfixedtransition .55 ----

Ellipticoverhang *57 ●57

Internalbalance .46 .58

,
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PREDICTIONOFFINITE-SPANPARAMDI’ERSFROMSECTIONDATA
*

Finite-spanpsraetersgaybe obtainedby applicationof lifting-
lineor lifting-surfacetheoriesto sectiondata. Bothmethodswere ...
employedandcomparedwithmeasuredparametervaluesinorderto
determinewhichmethodgivesbetteragreementwith.experimentaldata.
ThesecomparisonsarepresentedintableIV. Lifttig-line-theory
resultsas setforthinreference17andlifting-surface-theorycorrec-
tionsas giveninreference18havebeenappliedto sectiondataobtained
fromreference10. Becauseofthelackofsectiondataitwasimpossible
to calculatethefinite-span-parametervaluesforallmodelsandcon-
figurations,particularlyh thecaseofthe6-seriesairfoilsforwhich
fewsectiondatacouldbe found.

Theresultofcomparingthetwotheoriestidicatesthatthe
lifting-surfacetheorygenerallygives.betteragreementwithtestdata;
however,bothmethodswillsomettiesgiveerrorsthatarenotgenerally
tolerableforuseinthedesignofa closelybalancedsurface.It is
notedthatdiscrepanciesappearinbothcases,mostlyin Ch ; however,

5
slightvariationsh trailing-edgeangle,turbulence,separation,and

u aspectratioallhaveconsiderableeffectonthevariousparameters.
Nonagreementmaythereforebe dueto thesevariables.

. Theeffectsof sweepbackareaccountedforby applyingsweep
correctionsto eitherlifting-lineor lifting-surfaceresults.Theory
providesa meansofestimatingtheeffectsof sweep(reference19)on
thelift-curveslopeby useofthefollowingrelation:

PLJA=MA=O-
Althoughthe
infiniteand

aboverelationshipgivesgoodagreementwithtestdatafor
highaspectratios,itoverestimatestheeffectof sweep

on low-aspect-ratiotailsurfaces.

(

Someunpublisheddatafromtests
RX 4 X,106)conductedattheGeorghInstituteofTechnologyon a
sweptandan unsweptpanelhaveshownthatthesweptconfigurationhad
a lift-curveslopeonlyslightlysmallerthanthatoftheunswept
configuration.Themaximumlift..coefficientwasslightlyhigherfor
thesweptconfiguration.As thedataofreference4 showexcellent
agreementwiththecosinelaw,evenforlowaspect.ratioat lowReynolds

. number(163,000to 326,000),itwouldappearthatthereissomeRejnolds
numbereffectwhichmayaffectresultsobtainedby usingthetheoretical
sweepcorrections.ThemethodofDeYoung.(reference20)willgive CL

. a

—

——
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directlyforvariousvalues
thedatabeingpresentedin

Althoughitisimplied

eitherfromlifting-lineor

ofaspectrati~-taperratio,
theformofcharts.
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andsweep,

thatoncethevalueof CL isobtained
a

lifting-surfacetheorythesweepcorrections
maybe applied,thenatureofthesweepcorrectio~is impor&nt.It
hasalreadybeenindicated(reference21)thatthefullcosineeffect
isnotrealizedat lowaspectratios;henceitappearsthattheuseof
thesquarerootofthecosinewouldgivebetterresults.Thefollowing
modificationtothelifting-linetheorygivesresultsthatcorrelate
wellwithtestdata:

.

--

—

()c1()CL = 0.95 a
6

a A 57.3c~
l+~a

FortheNACA0009airfoilmodelwith40°sweep(plainflap)theabove
relationshipgives_CL = 0.0525.ThemethodofDeYoungyieldsthe

a
samevalue.Themeasuredvalue(tableIV)is0.052.A comparisonof s

measuredvalueswiththoseobtainedbymeansof theaboveequationis
giveninfigure51(a).Thelift-curveslopesforthevarioustest
configurationsweretakenfromthedataofreferences5 and22, The

.-

useofthesimplecosinecorrectionasusedintableIV isnottobe
recommendedforsmallaspectratiossinceitoverestimates‘theeffect
of sweep. —— --

Thesimplesweeptheorygivesthefollowingrelationsfortheother
control-surfaceparameters:

(%)*=(%)Ao CosA=

Itwouldbe expectedthatthesecorrectionswouldalsooverestimate
theeffectsofsweepforlowaspectratios.TheresultsintableIV
wereobtainedby applyingtheforegoingcorrections&parametervalues
calculatedforanunsweptsurfaceby lifting-lineor lifting-surface
theory.Themethodofreference21 correctsforsweepbymodi~ingthe

.——

.
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lifting-linetheoryto
Induced-cambereffects

accountforthesweepofthehinge
arealsoconsidered,althoughthis

line.
isa lifting-

surfacecorrectionwhichisticludedinemyresultsobtainedby means
ofthelifting-surfacemethod.Itwouldappearthatthemethodof
reference21wouldgivebetteragreementof estimatedandtestvalues
thenthesimplecorrectionsusedinthisreport;therefore,it istobe
recommendedeventhoughit,too,issubjecttotheltiitationsofboth
lifting-lineandlifting-smfacetheories.

AlthoughtheflaplifteffectivenessparameterCL~ maybe obtained
if CLa and ~ areknown,itmaybe esttiatedby themethodofrefer-

ence8. Thismethodappliesto controlsstartingat thetipandwill
notstrictlyapplyto controlsbeginningat theroot.Thevalueof CL5
obtainedby themethodof reference8 is0.0194as comparedwithmeasured
valuesof 0.0218and0.017fortheNACA0009andcircular-arcairfoil
modelswithplainflaps.Thedataofreference8 wereobtainedftrom
wingssweptby rotatingthewingabouttheintersectionofthe50-percent-
chordlinewiththeplaneof symmetry.A graphicalcomparisonofthis
methodwithexperimentaldataobtainedfromlifting-surfacetheoryusing
the COS2 correctionispresentedinfigure51(b).

*
h computingfinite-spanparametersforthesweptNACA0009airfoil

modelfromsectiondata,itwasassumedthattheNACA0010.3airfoil
. modelnormalto thehingeaxiswouldhavecharacteristicsalmostidentical

withthoseofthe0009airfoilmodel.Thus0009sectiondatawerecor-
rectedfortheincreasedflapchord,decreasedoverhang,andincreased
trailing-edgeangleintheplanenormaltothehingeaxis. —.

CONCLUSIONS

Theresultsoftests’oftailmodelshavingNACA0009, 66-009, 0015,
and66(215)-014profilesandvariousunswepttrailing-edgeflapcon-
figurationsad oftailmodelshavingNACA0009and9-percent-thick
circular-arcprofileswith40°sweepbackatthequarterchordand
trailing-edgeflapconfigurationssweptback30.70atthehingeline
indicatethefollowingconclusions:

1.TheslopeoftheliftcurveCL~ islittleaffectedby airfoil

sectionbutdoesvarywiththicknessas indicatedby theory.Sweeping
theairfoilbackreducesthelift-curveslope,butthedecreasedueto
sweepisnotsomuchasthatgivenby theoryforlowaspectratios,The
amountandshapeofthebalmceoverhanghadlittleeffecton CLa,

althoughtheinternalbalancegenerallyresultedinthehighestvalues
of C~, whereastheellipticoverhanggenerallygavethelowestvalues.
Theeffectof increasingthetrailing-edgeangleisto decreaseCL .a

—
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2.Fora giventhicknessratio,it isindicatedthat,airfoil
profilehas”co~i~ablee“ffectontheflaplifteffectiveness~. In
general,theinternalbalancegavethelargestvaluesof flaplift
effectiveness,withtheplainnoseyieldingthenext.largestvalues.
Theellipticandsh~-nosedover-gs generallygavenluesof c%
slightlylessthanthosefor“theplainnose. Increasin”g”thetrailing-
edgeangleontheNACA66-009arid66(215)-014profilesreduced~ for
allbalanceconfigurations.

3. Fora giventhicknessratiothehizige-momentcoefficient
c%

isnotgreatlyaffectedby airfoilsectionwhencomparedwithchanges
intrailing-edgeangle.“In-allcaseswherethetrailing-edgeanglewas
increased,theatmol’utevalue!o~ha” wasreducedconsiderably,thus

indicatingthat--trailing-edgeanglehasa muchgreatereffectthan
airfoilprofile.Theeffectof sweep(obtainedby shearingtheairfoil
back)ontheNACA0009airfoilwasto increasetheabsolutevalues
of C%, althoughtheorypredictsa reductionin ,C%. Theelliptic

andsharp-nosedoverhangsproducedan unbalanceonthe6-seriesprofiles
withtrue-contourflaps,althoughbothoftheseoverhangsgavepositive
Incrementsof C~ ontheNACA0009and0015airfoilmodels.The
internalbalancewas;ingeneral,themosteffectiveon”the6-series
profihs. ~ — .. . .-

4.Insofarasthehinge-moment---coefficient.Cha isconcezmed,the
magnitudeofthetrailing-edgeanglewouldappeartohavepxneeffect-
thanairfoilsection,asthevaluesforthe6-seriesprofilescompare
favorablywiththoseoftheNACA0009and0015profileswhenthe
trailing-edgeanglesareapproxiwtelythesame.Theellipticoverhang
wasmosteffectiveonthe0009and0015prof~es,whereastheInternal
balanceprovedmosteffectiveonthe6-serieq-airfoils.Thesharp-nosed
overhangseemsundesirablebecauseof itssmallereffectiveness.The
swept0009profilehadvaluesof Chb morefi-gativethanthoseforthe
unsweptmodel,withthe@iptic overhangagainbeingmoreeffective
thantheinternalbalance.Thesweptcircular-arcairfoilmodelyielded
valuesof Ch8 considerablylessnegativethanthoseforthe0009model
probablybecauseof.thelargetrailing-eties@gle~

5. Theplaintabtestedontheunsweptmodelsyieldedaboutthesame
incrementof Chb ontheNACA0009and0015@ofileswith,thetiternal
balance.Althou~thelaggingtabreducedtheflaplifteffectiveness,
itreducedC% ‘o about50percent-fthefibalwcedvalueforthe
plainflapontheNACA0009model,Ontbe6-~>riesairfoils,thetab
wasnotsoeffectiveonthestraight-sidedflapsas on,thetrue-contour
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flaps.OntheNACA66(215)-014airfoilmodelwith
. flap,thetabreducedc~ to about75percentof

8

23

a plaintrue-contour
theunbalancedvalue.

Onthesweptprofilesthetabwaslesseffectiveonthecircular-arc
sectionthanonthesweptNACA0009“profile,aswellas onsomeof the
unsweptprofiles.Forthesamevalueof theratiooftabto flapdeflec-
tion,thetab.wasmoreeffectiveonthesweptNACA0009modelthanonthe
unsweptmodel,althoughthisresultwasprobablydueto“sealingof the
tabandto thefactthatthetabchordwas0.214oftheflapchordin
theplanenormalto thehingeaxis.

6. Theresultsof comparinglifting-line-andlifting-surface- .
theoryresultsindicatethatthelifting-surfacemethodgenerallygives .._
betteragreementwithtestdata;however,bothmethodswillsometties
giveerrorsthatarenotgenerallytolerableforuseindesignofa
closelybalancedsurface.

GeorgiaInstituteofTechnology
Atlanta,Ga.,August2, lgkg
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TABLE I.-AIRFOILoRDrlwTEs

, ,

‘tation% 62%966(~Y-o14 m&Yh%9WY’ ‘tatlOn
>percent-thick
circular arc

(a) (a) (a) (a) (a) (b) (a) (a)

o 0 0 0 0 0 0 0
1.23 1.42 2.37 1.05 1.535 1.?7 3.70 .64a
!2.5 1.96 3.27 1.41 2.080 2.12 8.33 1.39
5.0 2.67 4.44 1.94 2.880
~:”5 3.15 5.25 2.34

3.22 12.96 2.04
3.506 3.86 17.59 2.64

3.51 5.85 2.67 4.048 b.26 22.22 3.13
15 4.01 6.68 3.19 ‘4.9cA 4.79 26.85 ;.5$

. 4.30. 7.17 3.59 5.566 5.01 31.48
: 4.46 7.43 3.91 6.081 5.15 36.u 4:17
30 4.y 7.% 4.16 6.k70
~. :..33 $ ~ 4.44

5.15 40.74 4.35
6.920 4.94 45.37 4.47

50
m 3:42 5:70 kg

6.962 4.52 yl.oo 4.51
G.~7 . 3.86

2.75 4.58 3.46 5.224 3.10g ..
1.97 3.28 2.22 3.375 2.a

w 1.09 1.81 .92 1.389 1.25
95 .60 1.01 .37 .523
100 (.10) (.16) (.10) (.095) (::7)
100 0 0 0 0 0

L.E. L.E.
rauus 0.89 2.4a o.55e 1.206 tills o

%tationati ozdinates in percent chord.
%easured. in plane perpendicular to hinge axb.

T



!CABLE11.”-EOLtP1’IC-OVERHANGOKOINNL’ES

Station

o
1.09
2.14
3.16
4.22
~.;;

7:34
8.38
g.42
10.46

Unswept mdels
(a)

0009

0
1.25
1.69
1.93
2.24
2.34
2.47
2.55
2.60
2.66
2.73

*

L
o “o
2.03 1.04
2.81 2.08
3.25 3.12
3.62 4.17
3.9Q 5.20
4.M7 6.3
;.:;

;:g
4:w 9.37
4.53 10.46

f%%g

o
2.34
3.18
3.75
4.12
4. 3
4. b
4.95
5.05
5.13
5.16

NACA
66(a5)-o14

o
1.51
2.03
2.34
2.76
2.8~
2.99
3.28
3.33
3.39
3.40

Sweptmodels. .

station

o
.43
1.01

$$
4.57
5.75
6.93
8.12
9.30

10. xl

o 0
.78 :.C$

1.18
1.70 2:32
2.03 2.79
2.~ 3.13
2.48 3.41
2.58 3.55
2.65 3.67
2.70 3.76
2.72 3.79

ah percent chord meamred from leadlng edge of overhang. _
%leasurd parallel to free stream.



.

Horn
number

1

1

2

2

al

1

.aC

2

bla

b~

* h

TABLE III.- DU?A FOR HORN lMLKNCES

Airfoil section

NAcA 0009

NACA0015

NACA0009

NAM 0015

WCA 66-009

NACA66(=5)-014

w 66-009

MACA66(=5)-014

sweptmm 0009

Sweptcirculararc

4.’36

4.94

6.36

6.g4

4.36

4.84

6.36

6.84

4.46

4.46

Horn
sxea

~sq in.)

60.16

63.92

89.28

96.00

%.10

63.10

E!8.o

93.0

33.40

32.88

q
chord
“(in.)

13.6

13.4

14.25

13.95

13.85

13.82

14.26

14.22

7.25

7.25

Flap
area

(Elqitl.)

517.4

318.4

317. 4“

518.4

516

517.17

516

517.17

434.0

434.0

Flap mean
chord
(in.)

10.17

10.12

10,17

10.12

10.05

10.10

10.05.

10.10

9.15

9.15

B

0. w

.404

.484

. 4g6

.392

.408

.492

.503

.244

.244

aHO~s am s= for stfi~t-contour flaps on bd.h 6-series airfoils. ~
bShielded horn used on swept mcdels.

I 1
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TABLE v.- CORKEIATION OF HORN W

Horn Predicted Predicted

Airfoil
Horn Measured LJ& Meaaured

coefficient %6
configumtion

B % (reference 15) ““.
&2~

(refe~nce 15)

NACA 0009 al 0.w 0.0055 0.0065 0.0028 o.m55
NACA C009 2“ .484 .010 .oil .CK)$g .007!5
NACA 66-009 1 .39 .0048 .0065 .CQ31 .0055
(true-contour flap) 2 .492 .0096 ,.0115 .og57 .0075
~CA, ~009 1 .392 .0036 .0065 .0014
(straight-contoui flap)

.0055

NACA 0015 .404 .0054 .0070 .Ooz% .0060
~CA ti(215)-O1k” I ; .4+)8 .0047 . Qp70 . Q034 . 0$@3
(true-contour flap) 2. .X? .0086 “j.blz .ob70 ‘.0078
NACA 66(215)-014 .40 .0045 .0066 . ti19 .Oow
(straight-contour flap) ~e~&db .W. .0087 .012 .0030 “.007$
WA 0009, .244 .0008 ----— .OQ14 ------

40° sweepback
Circular arc, Shieldedb .244 .0016 ------ .C007 ------
400 Sweeplxmk .

. h

1,

--’+5$’

I , ●.
.

I II I II /
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NACATN 2495

(a)Unsweptmodel.

Figurel.-Modelsmountedin tunnel.

33

--—
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(b) Swept model.

Figure 1.- Concluded.

, .;
,. .! 11.!



NAC!ATN 2495

.

Airfoil of _

35

revolution
For9-p~o&~-thickmodels - 19.2”

, 4.80
For15-percent-thickmodels

I ~ -1 ~~~--i
5.76 ,.

!.44 t t #

T 54” *
,.

./

Q;;:: ‘
Axis Of

I rotation
I

22.4”

,,. _/ +L.5e”

I “1“;-

I

Horn I

r?

Horn2

l“””

—
..-

—

—

Figure2.-Pl&i-formdimensions’ofUnswept.models.Aspectratio“As
3.36;.taper=ratio h, 0.4+;a.ea s/2, 12.69square.fetit;area
rearwardofhingeline,“3.60squarefeet;root-meai-sqti~echord
offlap Ff, O.yl.’fo’ot.-“ ‘ ~ : .‘.- --:’:.-::’.-’-



36 NACA TN 2495

.

Airfoil of
revolution

True airfoil in
this plane

48,60” Quarter
chord

I

—.

Figure3.- Plan-formdimensionsof sweptmodels.NACA0009andcircular-
arcprofiles;aspectratioA, 3.30;taperratio X, 0.4; area S/2,
10.27 squarefeet;arearearwardofhinge-line,2.91squarefeet;
root-mean-squarechordofflap ~f, 0.667 foot.

—

{

.

.
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.

F

Plain flap

4 LO.35c.
I I I

\~lf=——+——-—-
1

Elliptic overhang

-i t-”””Cf

Sharp-nosed overhang

0.010c++ /)&”05c +2” Cf

--

1’
1 =s= ‘-”‘-.- —

-i ~o.35cf

Internal balance

Figure&- Balanceconfigurationstestedonunswept
gaps0.00~cexceptasnoted;allchordsmeasured
stream.

models.
parallel

Allnose
tofree

?
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‘ -(!$&==-t-c’-l
t--- - “c’ (chord perpendicular

to hinge axis )
Plain flap

\

- ‘El=--- -
+ 1-o.319Cf’

Elliptic overhang

.
,

oezlqcf}tab

r

*p
o.’3i9 cf’

v
---- ..

:
. . . . ,. ..’,

, !,-. Inter n,al balance

Figure~.-Balanceconfig~a$ions$estedon swe~tbdckmodels.0.00~cgap -;
maintainedparallelto””free-stre~;alsoseefigure3 forchords
measuredparalleltofreestream.

J::. ...... ..s

. . .. . . . .. ..-: ..—. . . . .

.
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.

Figure6.- NACA0009
aspectratio

(a) 5~6f = O.

semispantailsurface.Taperratio 1, 0.4;
A, 3.36;0.30cplan flap;0.00SCgap.
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,

(b) 5@f-+~.

Figure6.- Concluded.

—

4.

●

.—

.
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.

.

b

.

Figure7.- NACA0009semispantail surface. Taperratio k, 0.4; aspect
ratioA, 3.36;0.30cflapwith0.3scfellipticoverhang;0.00SCgap;
5J5f, 0.

——

. .—



42 NACATN 2495
,

Figure8.- NACA0009semispantailsurface.Taperratio A, O.b;aspect
ratioA, 3.36;0.30cflapwith0.3Scfsharp-nosedoverhang;0.00~cgap;
6@f, o.

. .

.—

—

●

.

--



.

.
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Figure9.- NACA0009semispantailsurface.Taperratio k, 0.4;aspect
ratioA, 3.36;0.30cflapwith0.3scfinternalbalance;sealedgap.

—
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‘

.

(b) 5@f =-0.s.’

Figure9.- Concluded.

.-

.—

0

—
.

—.

.

.
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(a)Hornl.

Figure10.-NACA0009semispantailsurface.
aspectratioA, 3.36;0.30cplainflap;

—

Taperratio k, 0.4;
0.00~cgap; 6/6f, 0.
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.

(b) Horn2.

Figure10.-Concluded.

—

a.

—

—

.

.
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,

Figure11.- NACA001ssemispantailsurface.Taperratio A, 0.4;
aspectratioA, 3.36;0.30cplainflap;0.005cgap;b~bf, O.
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.-
●

a—

.—

Figure12.- NACA001s semispantailsurface.Taperratio ~ 0.4;
aspectratioA, 3.36;0.30cflapwith0..3Scfellipticoverh~g;
0.00~cgap;b~6f, O.

—

—

--
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.—

Figure13. - NACA001~ semispantailsurface.Taper ratio L, 0.4;
aspectratioA, 3.:6;0.30cflaptith0.35cfsharp-nosedo:ver~qmg;
0.00SCgap;6~&f, .
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—

(a) b~bf =0.

Figurelb.- NACA001~semispamtailsurface.Taperratio ~ 0.4;
aspectratioA, 3.36;0.30cflapwith0.3Scfinternalbalance;
sealedgap. ,-

.
—

—.

——

.

*

.

—
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(b) ~~~f = -0.5.

Figure14.- Concluded.
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.

—

—

.

..

*

Figure15.- NACA0015’semispantailsurface.Taperratio X, 0.4;
aspectratioA, 3.36;0i30cplan fla~;0.00SCgap;horn1;
6~6f, O.

.
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,.,

.

.

Figure16. - NACA66+09 semispantailsurface.Taperratio A, 0.4;
aspectratio A, 3.36;0.30cplainflap;0.005cgap;~~~f, O.
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.

.

Figure17. - NACA66-009semispantail-surface.Taperratio X, O.L;
aspect~atioA, 3.36;0.30cflapwith0.3scfellipticoverhang;
0.00~cgap;6~5fj O.

.-
-—

*-

-- –

.

*
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.

Figure18.- NACA66+09 semispantail surface. Taperratio 1, 0.4;
aspect ratio A, 3.36; 0.30c flap with 0.3scf sharp-nosedoverhamg;
0.00SCgap; b~~fj o.

—

.
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.

*

- -.

.

—
.-

—

Figme-19.- NACA
aspectratio
sealedgap.

66+09 semispantail surface. Taperratio A, 0.4;
Aj 3.36; 0.30c flapwith093Scfinternalbalance;

—
.<. .—
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(b) ~~bf= -0.5.

Figure19.- Concluded.



58 NACATN2495
.

*

—

—
.

(a) Hornl.

Figure20.-NACA66-009semispamtailsurface.Taperratio X, 0.4;
aspectratioA, 3.36;0.30cplainflap;0.00SCgap.;5~bf, O.

.

.
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NACATN 2495

(b)Horn2.

Figure20.- Concluded.

59
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.

.—
d

.-

.

Figure21.- NACA66-009semispan
aspectratioA, 3.36;0.30c
6@f, O.

.

tail surface.Taperratio ~ 0.4;
straight-contourplainflap;0.00~cgap;
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-,
Figure22.-NACA66+09 semispan

aspectratio As 3.36;0.30c
overhang;0.00~cgap;~~~f~

tailsurface.Taperratio & Oh;
straight-contourflapwith0.3~cfelliptic

—

o.
—
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.

-.
—

.—

.

.

—
—

..-—

.
.-

Fj.gure 23. - NACA66~09 semispan%ai.1surface. _Ta?erratio ~, 0.4;
aspectratioA, 3.36;O.30cstraight-conto~..flapwithO.3scfsharp-
nosedoverhang;0.00SCgap;bt/af~0. ,....

.
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#

(a)

Figure24.- NACA664309semispan
aspectratio A, 3,36;0.30c
internalbalance;sealedgap.

6@f = o.

tailsurface.Taperratio A, 0.4;
straight-contourflapwith0.3~cf

.—
--
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(b) 6@f =+.5.

Figure24.- Concluded.

—
“

,

.

—

“
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●

✎

.

.
Fi.gure25.- NACA66-009semispantailsurface.Taperratio AS 0.4;

aspectratioA, 3.36;0.30cstrai.ght-contour.plain.flap;0.00~cgap
hornl;5~5f, O.

;
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.

“

.

.

—

(a) b~bf = O.

Figure26.- NACA66(215)-014semispantail
0.4;aspectratio,A, 3.36;0.30c

.

sfiface,Taperratio k,
flap;0.00~cgap.
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(b) 6@f ‘-0.S.

Figure26,- Concluded.



Figure27.- NACA66(21s)-014semispantailsurface.Taperratio k,
O.!L;aspectratioA, 3.36;0.30cflap~~h 0.3scfellipticoverhang;
o.oo~cgap;6@f, o.

.

8

—.

—

—

.“
..

*

.

.
—
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Figure28.- NACA66(21s)4114semispantailsurface.Taperratio h,
0.4;aspectratioA, 3.36;0.30cflapwith0.3scfsharp-nosedoverhamg;
0.00SCgap;5t/5f,O.

.— .-
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.

.

(a) 5J6f =0.

FigureZ9.- NACA66(21j)+314semi.spantail
0.4; aspect-ratio A, 3.36; 0.30c flap
sealed gap.

I

,

surface.Taperratio 1,
with0.35cfinternalbalance;

.
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.

.

.
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(b) b~bf=+~.

Figure29.-Concluded.
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.

—.
—

.,

.“
_J
.

—

. -.

(a)Horn1.
—._

Figure30.- NACA66(21~)-014 semis~an
0.4; aspectratioA, 3.36;0.30c

tailsurface.Taperratio X,
flaP7”0.00’5cgap;b~hf, O. ““ ~
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.

(b) Horn2.

Figure30.- Concluded.
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.

*

.

.

-.

Y“

Figure31.- NACA66(21S)-01-4semispantail surface. Taperratio X3
0.4; aspectratioA, 3.36;0.30cstraight-contourflap;0.00SCgap;
6@f, o.

.

.—
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I

Figure32.- NACA66(21S)-01.4semispantailsurface.Taperratio k,
‘0.b;”aspectratio
ellipticoverhang;

A, 3.36; 0.30cstr~ght-contour
0.00~cgap;5t/6f,O.

flapwith0.3scf
—
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.
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—
,

Figure33. - NACA66(215)-014semispantails~face. Taperratio k,
0.4;aspectratioA, 3.36;O,30cstraight-contourflapwithO.3~cf
sharp-nosedoverhang;0.00SCgap;5t/6f,:0.

“
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.

. (a) ~t/~f

Figure34.- NACA66(21S)-31.4 semispan
0.4; aspect ratio A, 3.36; 0.30q
internal balance; sealed gap.

= o.

tailsurface.Taperratio X,

--

straight-contourflapwithO.~Scf
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(b) 6@f=-0.s.

Figure34. - Concluded.
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(a)Horn1.

Figure35.- NACA66(21s)4u semispan
o.l+; aspect ratio A, 3.36; 0.30c
6@f, 0.

tailsurface.Taperratio k,
straight-contourflapjO.@O~cgapj ““
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(b)Horn2.

Figure3s.- Concluded.

.—

.
—

b

.

.-

.
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(a)Withouttransitionwire;Chf and CL againsta.

Figure36. - NACA0009semispantailsurface.Sweepback.angleA, 40°;
taperratio ~ 0.4;aspectratio A, 3.30;0.30cflapwithradius
nose;0.00~cgap;b~bf, O. ,.

-.
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.

b

—

(b)Withouttransitionwire;“Cmand CD againsta.

Figure36.- Continued.

.
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(c)O.0~0-inch-diametertransitionwireat 3 percentchord;Chf and
CL against~.

Figure 36.- Continued.
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(d) O.0~0-inch-diametertransitionwireat3 percentchord;Cm and

●

✎

—

.

CD

Figure

against a.

36.- Concluded.
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(a) %f and CL againsta.

Figure37.- NACA0009semispantail surface. Sweepbackangle A, bOO;
taper ratio A, 0.4; aspect ratio A, 3.30; 0.3SC1flapwith0.319cff _
ellipticoverhang;0.00SCgap;5y6f, O.

.—
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(b) Cm and CD aga@st--u.

Figure37. - Concluded.

.

.

.

.
—
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(a) ~+/6f=o; Chf and CL against u.

Figure 38.- NACA0009semispantail surface. Sweepback~gle As 40°;
taper ratio k, 0.4; aspect ratio A, 3.30; 0.3SC1flap with 0.319cf1
sealedinternalbalance;0.00~cgap.
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(b) b~bf ‘o; Cm and.,CDagainsta.

Figure38.- Continued.



12
.

NACATN 2495 89

b

(c) ~~~f = Lo; Chf and CL =qgaiust a.

Figure38.- Continued.

.

..—
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k

.

(d) b~bf = 1.0; Cm and ~ -againsta.

Figure38.- Continued.

“

—
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(e) b~~f = 0.5; c~f

Figure38.-

andCL agai.mta.

Continued.
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●

(f) Wf = o.j; cm and CDagainst a.

Figure38.- Continued.

.

b

.

.
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93

-.
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.

(h) ~t/6+.~; %1 ad Cn against a.

Figure38. - Continued.

.-
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.

(i) 6~ti~=-1.O; Chf ~d CL against a.

Figure38.- Continued.

95

%
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.-
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“

(j) bjj~f =-loo; cm and cD.. %ainst ~.

Figure38.- Concluded.

.

r.
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(a) ccU=-40.

(b) ~=OO.

Figure39.- Effect of tab deflection on control-surface hinge moment.
NACA0009semispantailsurface;sweepbackangleA, 400;taper .
ratio k, 0..4;aspectratioA, 3.30;0.3SC1flapwith0.319cf1
sealedinternalbalance.
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.

L

——

—

(ii) %=8”.

Figure39.-Concluded.
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(a) Chf and CL againsta. \

FigurebO.-NACA0009semispantailsurface.SweepbackangleA, 40°;
taperratio 1, 0.4;aspectratio A, 3.30;0.3~c1flapwithradius
noseandhorn;0.00SCgap;bybf, O.

b
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.

1

(b) Cm and CD aga@st a.

Figure40.- Concluded.

—

-b

.
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Figure41.- Nine-percent-thickbiconvex-arcsemispantailsurface.
SweepbackamgleA, 40°;taperratio A, 0.4;aspectratioA,
3.30; 0.3SCI flap with radius nose; 0.00~c gap; 6~6f, O.

—

—
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(b) Cm ad CD against g.,.
Figure41.- Concluded:



.7 .
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(a) Chf and CL againsta.

Figure42.- Nine-percent-thickbiconvex-arc.semispantailsurface.
SweepbackangleA, 40°;taperratio A, 0.4;aspectratioA,
3.30;0.3~c!flapwith0.319cf!ellipticoverhang;0.00~cgap;
6~6f, 0.

—
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.

b—

— —

4

.

(b) Cm and CD againsta.

Figure42.- Concluded.
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105

(a) b~bf =0; Cq and CL against a.

Figure43.- Nine-percent-thickbiconvex-arc semispantail surface.
Sweepbackangle A, 40°;taperratio k, Oh; aspectratio A,
3.30~0.3~ci-flap~th 0~319~f~sealedfiternalbalance;O.OOSc-gap.

.
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.

(b) 5t/5f=0; Cm and CD againsta.

~igure43.- Continued.

——

.—

.-

—

—

.

. . —
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(c) 6J6f = 1.0; Chf and CL againsta.

Figure43.- Continued.

107 “-
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●

✎✍

.—

.

.

(d) 6@f = 1.0; Cm and CD against a.

Figure43.- Continued.
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(e) r5~/5f =0.~; Chf and CL againstu.

Figure)43.- Continued.



110 NACATN2495

.—
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,

(f) d~bf = 0.5’; Cm md CD:.w~nst CC.

Figure43.- Continued.
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Figure43.- Continued.
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.

(h) 6@f = -0.~; Cm and CD”against cc.

Figure43.- Continued.
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.

a

(i) &~6f = -1.0;Chf and CL againstCC.

Figure43.- Continued.
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.

(j) b~~f = -1.0; % and CD against a.

Figure 43.- Conclud@.

.

.

..
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,

(a) CCU= -4°.

(b) ~ = OO.

Figure)_I.)A.-Effectoftabdeflectionon control-surfacehingemoment. I
9-percent-thickbiconvex-arcsemispantailsurface;sweepbackangleA,
40°;taperratio h, 0.4;aspectratioA, 3.30;0.3SC1flapwith
0.319cf~sealedinternalbalance.
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.

.

—

b

.

(c) ~ = 4°.

(d) q = 8°.

l?igure44.- Concluded.



NACATN 2495

(a) Chf ad CL against a.

Figure)AS.- Nine-percent-thickbiconvex-arcsemispantailsurface.
SweepbackangleA, 40°;taperratio X, 0.4;aspectratio A,
3.30;Cl.3~c1 flapwithradiusnoseandhornj0,00~cgap;5~5f,

117

0,

—
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.

b

.
.

.

.
—

(b) Cm and Cl) against a. .

Figure 45.- Concluded.

.
—
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4

.

M$

.062

.06 I

.060

.059

.008

.006

.004

.002

2 3
Re

4x log

FigureJJ6.- Reynoldsnumbereffect.Datafromunpublishedrnsultsof
testson9-percent-thick3s0sweptbackhorizontal-tailpsmelin
9-footwindtunnelofGeorgiaInstituteofTechnology.
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Figure47.- Graphicalcomparisonofparameters.

,unswept
,40’ sweep
400 sweep
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.006 ‘

.004 ‘ i

.002

0

-.002 )

(b) cha and Ch .
6

Figure47.- Concluded.
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Figure 48.- Comparisonofmeasuredandestimatedincrementsofhinge-
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‘
.4 .

,1
1,

. .



NACATN 2495 123
-8

&

.04

.02

0

m

{ -.04
.-
*
8 ‘.06c)

.4

ErE.0 Internal balance,measured data
A Internal balance, calculated data

. ❑ Plainflap, measureddata

-.2
‘6-4-202468 IC) 1214

● Flap deflection, ~f , deg

(a) NACA0009
.

Figure49.-Comparisonofmeasured
calculatedfrombalance-chamber

40°;taperratio k,
.

angle A,
a, OO.

airfoilmodel.

hinge-momentcoefficientswithvalue --
pressurecoefficient.Sweepback
0.4;aspectratioA, 3.30;



.

-.02

-.04

’006

.6

.4

.2

0

-.2

.-&-

+-l--lo Internalbalance,measureddots I
.A Internal balonce,calculatedda a
EI Plalnflap , measureddata

-4-2024

Flap deflection,

(b) 9-percent-thick

Figure49.-

6 8 10 12 14

~f, deg .

biconvex-arcmQdel.

Concluded.
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A Plain flap

o Elliptic overhang

❑ Internol balance
\

\

Flap deflection {f

(a) NACA 0009 nmdel; 40° sweepback.

Figure ~O.- Variation of ACD with
aiitack.

o 3 6 9 12 15

v deg

(b) Circular-arc model; ~0° sweepback.

flap deflection at constant angle of

Il. I

(;eg)
6

0

‘6



A
~i% (deg) A A Reference

o 23012

0 .02 .04 .06 .08 .10

01 5.03 5
30 I 4.36 5
45 I 4.13 5
60 I 2.52 5
45 I 3.56 22

55 0 1.50 22
60 .79 1.00 22

40 .403.30 This report

Estlmoted lift-curve slope

(a)

Figure 5’1.-Comparison of

,,

Hb~ =().95,+
ba 27; c +=-

rrA

Lift-curve slope
%“

measured and estimated values of lift parameters.

.*
,,,
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o NACA 0009, method of reference 8
IY NACA 0009 , lifting surface with Cosz correotlon
A Circular arc, methad of reference 8

0 .01 .02 .03
Estimated V(IhJeS af CLJ

●

(b) Lift effectiveness param%er CL5.

Figure 51.- Concluded.
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